T2C-18A 





ANTENNAS 
Lesson T2C-18A 











ANTENNAS 








As described in this lesson, the unit shown is a combination of two types of antennas: 
the rhombic for UHF reception, and the conical-V with reflector for VHF reception, 
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ANTENNAS 


WHY TELEVISION 
ANTENNAS ARE NEEDED 


Due to the nature of television 
transmission, a good antenna sys- 
tem is much more important for 
television reception than for the 
reception of standard AM broad- 
cast radio waves. The wide band 
of frequencies required for tele- 
vision transmission has made it 
necessary to use carrier waves 
which are located in the VERY HIGH 
FREQUENCY (VHF) and ULTRA 
HIGH FREQUENCY (UHF) regions 
of the frequency spectrum. Five 
channels of the VHF television 
band extend from 54 to 88 mega- 
cycles, while seven channels cover 
the region from 174 to 216 mega- 
cycles. The remaining seventy 
channels are in the UHF region 
and extend from 470 to 890 me. 


At these VHF and UHF fre- 
quencies, transmission and recep- 
tion are on a line-of-sight basis, 
which means that intervening 
buildings or other objects may ob- 
struct the path of the carrier 
waves and thus impair reception. 
Other factors directly affecting 
reception quality are the strength 
of the desired signal relative to 
that of any interfering signals or 
noise energy at the receiver loca- 
tion, and the fact that multiple 
images, known as GHOSTS, may be 
produced if the desired carrier 
wave is reflected from the sides 


of buildings or other objects. Be- 
cause of their high frequencies 
these television carriers act much 
like light waves, and such reflec- 
tion is a common occurrence. 


Thus, at any particular receiver 
location, the signal strength and 
relative freedom from reflected 
waves and interference are the 
principal factors determining the 
type of antenna system which will 
provide satisfactory reception. 
Generally speaking, the electric 
characteristics or specifications of 
the receiver make or model are 
considerably less important. 


Although many television re- 
ceiver manufacturers advertise 
satisfactory reception with an an- 
tenna which is built into the re- 
ceiver cabinet, the majority favor 
an external antenna, and prefer- 
ably one which is installed at a 
high elevation out-of-doors. Be- 
cause of the many factors which 
can interfere with television re- 
ception, the built-in type of an- 
tenna is restricted to the rather 
small number of receiver locations 
in which ideal reception condi- 
tions exist. 


For example, objects such as 
metal conduit, water pipes, metal 
venetian blinds, and metal used in 
the construction of the building 
may have a shielding effect or 
cause reflections, so that it is de- 
sirable to locate the antenna at 
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some point other than that most 
suitable for the receiver. Many 
times an improvement can be ob- 
tained by employing an indoor- 
type antenna situated at some 
other point in the room, in an- 
other room, or in the attic. How- 
ever, the height at which the an- 
tenna is mounted is an important 
factor in overcoming these vari- 
ous difficulties. This is especially 
true for UHF. Therefore, in many 
cases, an outdoor antenna is the 
only type which can be installed 
high enough to clear certain ob- 
structions or be far enough away 
from local sources of interference 
to provide a good quality of recep- 
tion. 


ANTENNA REQUIREMENTS 


In an earlier lesson, we ex- 
plained that the FCC has adopted 
a set of television transmission 
standards with which all stations 
must comply. One standard that 
is particularly related to the re- 
ceiving antenna states: “It shall 
be standard in television broad- 
casting to radiate horizontally po- 
larized waves.” 





A radio wave consists of elec- 
tric and magnetic components 
that are at right angles to each 
other. The direction of the elec- 
tric component is considered the 
polarization of the entire wave. 
The wave is emitted from a trans- 
mitting antenna with its electric 
component parallel to the plane of 


the antenna. Thus, a transmit- 
ting antenna must be horizontal 
if it is to radiate horizontally po- 
larized waves. 


To receive maximum energy 
from the radio wave, the polari- 
zation of the receiving antenna 
should be the same as that of the 








Conical type antennas with reflectors, mounted 
as a broadside array. 


Courtesy JFD Mfg. Co., Inc. 


wave. Therefore, television re- 
ceiving antennas are mounted in 
a horizontal position. In addition, 
the antenna must possess the nec- 
essary characteristics to provide 
adequate signal strength to the 
receiver input. This assumes, of 
course, that there is sufficient field 
strength at the antenna, because 
beyond a certain distance from 
the transmitter, the field intensity 
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is too low for reception with the 
best possible antenna. 


As explained in an early lesson, 
when a conductor moves or cuts 
through a magnetic field an elec- 
tric voltage is induced in the con- 
ductor. The direction of the volt- 
age is determined by the direction 
in which the lines are cut. 


In the alternating current gen- 
erator, the conductor moves across 
the magnetic lines first in one di- 
rection and then the other, to pro- 
duce the successive voltage alter- 
nations of each cycle. This in- 
duced alternating voltage produces 
the desired alternating current 
which is carried by wires to the 
load. 


All that is necessary to induce 
voltage in the conductor is that 
the magnetic lines and conductor 
pass through each other and are 
not parallel. The closer they are 
to being at right angles, the 
greater the induced voltage. The 
greater the speed of cutting, the 
greater the induced voltage. Also, 
the longer the conductor, the 
greater induced voltage. It makes 
no difference whether a conductor 
moves through a stationary mag- 
netic field, or a stationary con- 
ductor is cut by a moving field. 
In either case, a voltage is in- 
duced in the conductor. 


Basically, a receiving antenna 
is merely a conductor suspended 
in space. Radiated from the trans- 


mitting antenna, the radio wave 
strikes and passes through the re- 
ceiving antenna. With the electric 
component of the wave parallel to 
the axis of the antenna, the mag- 
netic lines of force cut the con- 
ductor at right angles, as they 
pass through it, to induce a volt- 
age. Thus, so far as the receiver 
is concerned, THE ANTENNA Is A 
GENERATOR. The alternating mag- 
netic field component of the re- 
ceived r-f wave cuts the antenna 
conductor to induce an alternating 
voltage. In turn, the induced volt- 
age produces an alternating cur- 
rent which forms the signal car- 
ried by the transmission line to 
the receiver input. 


In ideal locations, a very simple 
antenna is satisfactory, but since 
the vast majority of locations are 
far from ideal insofar as field in- 
tensity and interference are con- 
cerned, more complex antennas 
have been developed. Various ele- 
ments have been added and cer- 
tain modifications have been made 
until some of the modern anten- 
nas have assumed fairly elaborate 
shapes. 


In addition to good electric 
characteristics, the antenna must 
possess satisfactory mechanical 
characteristics. It must be strong 
enough so that it will not be bent 
out of shape by the wind or by the 
added weight of a coating of ice 
and snow. It must be of a mate- 
rial that resists corrosion. In 
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many installations, it is desirable 
that the antenna be constructed 
of a light material. Aluminum is 
a very popular metal for this use 
since it is light in weight and 
corrodes very little compared with 
many other metals. The mast and 
other supporting sections often 
are made of steel tubing which is 
coated to prevent corrosion. 


THE HALF-WAVE 
DIPOLE ANTENNA 


Like a transmission line, an an- 
tenna has distributed inductance, 
capacitance, and resistance, there- 
fore it resonates at some frequen- 
ey. When a straight wire is sus- 
pended in space, its resonant fre- 
quency has a wavelength approxi- 
mately equal to twice that of the 
wire, and, when used to intercept 
r-f energy, a wire of this type is 
known as a half-wave antenna. 


At resonance, the voltage and 
current distribution on this an- 
tenna are as shown in Figure 1. 
Indicated by the broken line curve, 
the current is minimum at the 
ends but rises to maximum at the 
center while the solid line curve 
shows the voltage is maximum at 
the ends and minimum at the 
center. 


Referring to Figure 2, a prac- 
tical antenna of this type consists 
of two lengths of conductor, placed 
end to end, with the inner ends 
connected to a transmission line, 


which, in turn, is attached to the 
receiver input. Connected in this 
manner, the antenna is called a 
dipole. 


Radio energy travels through 
space in the form of waves, each 
one of which is equivalent to one 
electric cycle. As the velocity of 





In this two-bay stacked array, each yagi con- 

tains three folded dipole collectors arranged 

as an end-fire array, a reflector, and three 
directors. 


Courtesy Technical Appliance Corp. 


all radiated radio energy is the 
same, in the form of a general 
equation, the relationship between 
wavelength and frequency is: 


Wavelength (meters) = 
300 


Frequency (megacycles) 
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and as 300 meters equal 984.25 
feet, the equation can be changed 
to: 


Wavelength (feet) = 
984 


Frequency (megacycles) : 


Physically, the length of the 
halfwave dipole is made slightly 
less than one-half wave. This is 
necessary because of its capaci- 
tance to ground, end effects, and 
the fact that the velocity of radio 
frequency energy along a conduc- 
tor is less than in free space. If 
the cross-sectional area of the con- 
ductor is kept small in compari- 
son to a half wavelength, all of 
these effects are relatively con- 
stant. This makes it possible to 
use a correction factor and obtain 
reasonably accurate results in an- 
tenna design calculations. 


The physical length of a half- 
wave antenna can be obtained 
from the equation: 


492 x.94 
ee, 
f 


where: 


L=length in feet 
f=frequency in megacycles 
492=a constant 
.94=correction factor for frequencies 
above 30 me. 


As an example, assume that it 
is necessary to determine the 


physical length of a television an- 
tenna that is to operate at a fre- 
quency of 69 megacycles. Substi- 
tuting 69 for f in the equation, the 
dipole length may be computed by: 


492.94 
b= 67ite, 
69 


or 6 ft. 84 in. (approx.) 


This is the total length from 
one end of the antenna to the 
other, including the spacing be- 
tween the inner ends to which the 
transmission line is connected. 


As mentioned previously, the 
half-wave antenna acts like a se- 
ries resonant circuit, delivering 
maximum output at the frequen- 
cy to which it resonates. However, 
at all other frequencies the output 
is less than at resonance. This 
fact must be considered in anten- 
na design and a resonant frequen- 
cy chosen so the response over 
the desired band is satisfactory. 


As a compromise, the frequen- 
cy used should be the geometric 
center frequency of the desired 
band, and may be obtained from: 


f,=V fax fo, 
where: 
f,,= geometric center frequency 


f, and f,=the desired frequency 
range limits. 
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For example, assume that the 
desired frequency range is from 
54 mc to 88 me, then: 


f,=\/ 54x 88=\/ 4752=69 me. 


Thus, 69 me is the frequency 
that should be used when comput- 
ing the physical length of a dipole 
antenna which is to be used over 
the frequency range of 54 to 88 
me. The length of the dipole is 
6.7 ft., as indicated previously. 


ANTENNA 
CHARACTERISTICS 


Every antenna has three im- 
portant characteristics or quali- 
ties which determine its perform- 
ance. These qualities should be 
understood by the technician so 
that he can intelligently choose 
the proper antenna for any given 
reception condition. Antenna de- 
velopment engineers employ vari- 
ous means of controlling these 
qualities when designing a unit 
which will operate in a particular 
manner over a desired frequency 
band. 


Impedance 


It has been mentioned that an 
antenna has the electrical proper- 
ties of inductance, capacitance, 
and resistance. These properties 
cause the antenna to act like a se- 
ries resonant circuit. At any point 
along the antenna, the impedance 
is equal to the ratio of the r-f 


voltage to the r-f current at that 
point. That is, Z—E/I. In the case 
of the half-wave dipole, the volt- 
age is maximum at the ends, and 
minimum at the center as shown 
in Figure 1. The current is mini- 
mum at the ends and maximum 
at the center. Therefore, the im- 
pedance is highest at the outer 
ends, and lowest at the center. 
However, the impedance is not a 
fixed quality. It varies with fre- 
quency, height of the antenna 
above ground, and its nearness to 
other objects and antennas. 


When the half-wave dipole of 
Figure 2 is far enough away from 
ground and other objects, the im- 
pedance is about 72 ohms at the 
center terminals connected to the 
transmission line. Under the same 
conditions, the impedance is about 
2500 ohms at the outer ends where 
the voltage is maximum, but the 
current minimum. Other points 
aiong the antenna have interme- 
diate values. 


In any system containing a gen- 
erator, transmission line, and 
load, maximum energy is trans- 
mitted from the generator to the 
load when the generator imped- 
ance matches the line and the line 
matches the load. In Figure 2, the 
antenna is the generator and the 
receiver is the load. Therefore, 
the transmission line should have 
a characteristic impedance equal 
to the input impedance of the re- 
ceiver. Also, the antenna imped- 
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ance should be equal to that of the 
line. 


As explained, the impedance 
varies along the antenna, from 
minimum at the center to maxi- 
mum at the outer ends. In prac- 
tice, however, when an antenna 
is said to have some certain value 
of impedance, we are speaking of 
its impedance at the point where 
it connects to the transmission 
line. This is the point at which the 
antenna impedance should be the 
same as the line impedance. 














A three-conductor folded dipole with parasitic 

elements employed in conjunction with a coni- 

cal antenna and its corresponding parasitic 
elements. 


Courtesy JFD Mfg. Co., Inc. 


Some receivers have 72 ohm in- 
put impedances. In these cases, 
perfect matching is obtained with 
a 72-ohm transmission line and a 
simple half-wave dipole antenna 


like that of Figure 2. However, in 
most installations, a 300-ohm re- 
ceiver and line are matched by a 
more complex type of antenna 
which has a center impedance in 
the neighborhood of 300 ohms. 


It has been stated that an an- 
tenna is like a series resonant cir- 
cuit. Because of this fact, its im- 
pedance is exactly equal to the 
rated value only at the frequency 
at which the antenna is one-half 
wavelength long. Above and be- 
low this frequency, the antenna 
impedance changes at a rate de- 
pending upon the Q. When the 
antenna has high Q, its imped- 
ance falls off rapidly either side 
of the resonant frequency. This 
type of antenna delivers sufficient 
signal to the transmission line 
over a narrow band of frequen- 
cies only. On the other hand, a 
wide-band antenna is one in which 
the impedance falls off gradually 
above and below resonance due to 
its low Q. Thus, the ability of an 
antenna to maintain a fairly con- 
stant impedance as frequency 
changes actually is a measure of 
its bandwidth. Whether a given 
antenna has low or high Q de- 
pends upon the specific applica- 
tion for which it has been de- 
signed. 


Directivity 


The directivity of a television 
receiving antenna is a measure of 
its ability to receive signals from 
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desired directions compared with 
its rejection of signals from un- 
desired directions. Information of 
this type is given in the form of 
what is known as a polar diagram. 
Figure 3A is the polar diagram 
of a half-wave dipole like that of 
Figure 2. This diagram represents 
the directivity as seen looking 
down from above the antenna, 
with the antenna in a horizontal 
position. In Figure 3A, a heavy 
line drawn on the 90°-270° axis 
represents the dipole, and the 
loops show that this antenna re- 
ceives best at right angles to its 
axis. In the direction of its axis, 
its response is nearly zero. For 
purposes of reference, we can 
consider the top of the graph, 0°, 
the front of the antenna, and the 
180° direction the back of the an- 
tenna. Thus, the simple dipole re- 
ceives as well from the back as 
from the front. 


In the polar diagrams, the 
curves or loops are more accu- 
rately called LOBES. For simplicity, 
usually the lobes are drawn so 
that the maximum response is set 
at 100. This does not mean 100 
microvolts, or 100 of any other 
unit. It is merely a convenient 
way of indicating the ability of 
the antenna to receive signals 
from various directions compared 
with its ability in the direction of 
maximum reception. For exam- 
ple, at the point where the curve 
crosses the circle marked 50, it 
indicates the angle at which the 


antenna is 50% as sensitive as it 
is head on at 0°. But it does not 
indicate how many microvolts the 
antenna provides to the transmis- 
sion line, nor does it give any in- 
formation regarding the sensitiv- 
ity of the antenna compared with 
other antennas. 


A somewhat more complex an- 
tenna than that of Figure 2 has 
directivity as shown by the curves 
in the polar diagram of Figure 
3B. Here, the antenna is not 
drawn on the graph, but is as- 
sumed to occupy the same posi- 
tion as that of Figure 3A. Again, 
the major lobe extends in the 0° 
direction to the circle marked 
100, indicating the sensitivity at 
the front. The relative response 
to signals arriving from the back 
is represented by the small lobe 
which extends as far as the circle 
marked 20. Thus, comparing the 
antenna pickup ability in the 0° 
direction with that in the 180° 
direction, the antenna is 100/20 
or 5 times as sensitive from the 
front as from the rear. That is, it 
has a front to back ratio of 5 to 
1. This type of directivity is 
wanted when undesirable signals 
or other interferences arrive from 
the rear of the antenna. 


When studying polar diagrams 
like those of Figure 3, it is impor- 
tant to know whether the particu- 
lar graphs indicate voltage ratios 
or power ratios. Either type is 
correct technically. The important 
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point is, all diagrams compared 
should show the same type of ra- 
tio. If a graph showing a voltage 
ratio is compared with one show- 
ing a power ratio, the results are 
misleading. The reason is that 
power is equivalent to the square 
of the voltage. 


For example, assume the polar 
diagram of Figure 3B represents 
a voltage ratio of 5 to 1. With 
signals of equal strength arriving 
at the front and back, the anten- 
na delivers to the receiver 5 volts 
of the signal coming from the 
front for every 1 volt of the sig- 
nal coming from the back. These 
voltage values squared give the 
power ratio. Thus, 5* = 25, and 
1°=1, for a power ratio of 25 to 
1. The polar diagram of Figure 
3C shows a front to back ratio of 
25 to 1. Therefore, the diagrams 
of Figures 3B and 3C represent 
the voltage and power ratios, re- 


Mounted on a common mast, each of these 

highly directive, single channel yagis points 

toward the station from which it is designed 
to receive signals. 


Courtesy Technical Appliance Corp. 


spectively, of the same antenna, 
or of two antennas with like 
directivity. 


The misleading part is the dif- 
ference in the sizes of the small 
lobes in Figures 3B and 38C. If, at 
first glance, it is assumed that 
both diagrams represent voltage 
ratios, for instance, it appears 
that the graph of Figure 8C indi- 
cates much greater directivity 
than that of Figure 3B. Of course, 
this is not so. As explained above, 
any antenna that has a front to 
back voltage ratio of 5 to 1 has 
the same directivity as one which 
has a front to back power ratio of 
25 to 1. 


Another important point to 
bear in mind regarding directivity 
patterns is that each polar dia- 
gram like those of Figure 3 repre- 
sents the conditions at one par- 
ticular frequency only. A given 
antenna may have excellent direc- 
tivity on one channel, but very 
poor directivity on another. In 
some cases, there may be a large 
difference between the front and 
back ratio for the picture and 
sound carriers of the same chan- 
nel. Therefore, when evaluating 
the performance of an antenna, 
polar diagrams at several frequen- 
cies over the band should be con- 
sidered. 


Gain 


Antennas can be compared with 
regard to their ability to receive 
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a signal. The measure of this abil- 
ity is called the gain of an anten- 
na. Although various methods can 
be used, the commonly accepted 
way employed by most reliable 
manufacturers is to compare the 
signal voltage provided by an an- 
tenna with that provided by a 
half-wave dipole at each particu- 
lar frequency under considera- 
tion. The unit of measurement 
used to make this comparison is 
the DECIBEL, abbreviated ‘‘db’’. An 
antenna is stated as having a gain 
of so many db at a given fre- 
quency. 


The decibel is not a fixed quan- 
tity like a volt, ohm, or ampere. 
It is a definite ratio between two 
quantities. Thus, one “pair” of 
compared quantities may both be 
much larger than a second pair. 
However, if the ratio of the larger 
to the smaller in one pair is equal 
to the ratio of the larger to the 
smaller in the other pair, then, in 
both cases, the larger is the same 
number of decibels greater than 
the smaller. For example, the ra- 
tios 100/25 or 4 and 8/2 or 4 are 
the same. 


In the case of antennas, the 
quantities compared are micro- 
volts. The decibel is a convenient 
unit for comparing antenna per- 
formance. Regardless of what the 
particular signal strength from a 
desired station is at a given re- 
ceiving point, at the center fre- 
quency of that channel, an anten- 


na having a rated gain of so many 
db will provide a signal voltage a 
corresponding amount greater 
than that obtained from a dipole 
designed for the same frequency. 


If an antenna is designed to re- 
ceive in one certain channel, then 
its gain in decibels is deternfined 
by comparing its output with that 
of a dipole one-half wavelength 
long at the center frequency of 
that same channel. In the case of 
a broadband antenna, its gain for 
each channel is determined sepa- 
rately by comparing it with a se- 
ries of half-wave dipoles, one cut 
for the center frequency of each 
channel which the broadband an- 
tenna has been designed to 
receive. 


When comparing high band and 
low band performance of anten- 
nas, an important point to bear in 
mind is the fact that the induced 
signal voltage varies directly with 
the length of the antenna. In the 
drawing of Figure 4, assume the 
dot at the center represents the 
location of a television broadcast 
station. Assume also that at a 
certain distance, the radiated sig- 
nal induces 5000 microvolts in a 
wire one meter in length. At that 
point, we say the signal strength 
is equal to 5000 microvolts per 
meter. This is abbreviated as 
5000 pv/m. 


Since the station radiates the 
carrier in all directions, we can 
find many more locations at which 
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the same signal strength exists by 
moving in a circle around the sta- 
tion. If we draw a map and con- 
nect these points with a line, the 
line is a circle with the station 
at its center. If we move away 
from the station to where the 
signal strength is 1000 »v/m, and 
then to where it is only 100 p»pv/m, 
each time repeating the process, 
our map is like the drawing of 
Figure 4. 


Suppose two stations, one oper- 
ating on channel 2 and the other 
on channel 13, are located at the 
center of an area represented by 
the drawing, and that they are 
transmitting with exactly the 
same power. In this case, the cir- 
cles represent the field strengths 
of both stations. Thus, at any 
point on the 100 »v/m circle, a 
wire one meter long has 100 mi- 
crovolts induced in it by the sig- 
nal from each of the two stations. 
A dipole antenna designed for the 
center frequency of channel 2, is 
approximately two meters in 
length. Therefore, located at the 
100 »v/m line, this antenna has 
approximately 200 microvolts in- 
duced in it. On the other hand, a 
dipole cut for channel 13 is only 
about one-half meter in length. 
Located at the same distance from 
the transmitter, this antenna has 
only about 50 microvolts induced 
in it. That is, a channel 2 dipole 
picks up approximately four 
times as much signal as a chan- 
nel 13 dipole. 


Because of this difference, if a 
broadband antenna has a gain of 
5 db, for example, in both chan- 
nels 2 and 18, then this antenna 
provides considerably less signal 
voltage to the lead-in for channel 
13 than it does for channel 2. 
Therefore if it is desired to apply 
the same voltage to the lead-in 
for high band stations as for low 
band stations, the broadband an- 
tenna should have a much great- 
er db gain at the high band fre- 
quencies than it does at the low 
band frequencies. In practice, 
broadband antennas are designed 
to achieve these results. 


ANTENNA ARRAYS 


Television antennas are design- 
ed in a large variety of sizes and 
shapes. One reason for this vari- 
ation is the never ending efforts 
of engineers to develop units of 
improved characteristics, Another 
is the many different reception 
conditions which exist. At some 
receiving locations, the desired 
signals arrive from several direc- 
tions, and the antenna then should 
not be one which receives from a 
single direction only. In other 
cases, a more or less highly direc- 
tional unit may be needed to re- 
ceive the desirable signals which 
are coming from one general di- 
rection, but reject undesired sig- 
nals arriving from other direc- 
tions. 


A relatively simple high Q an- 
tenna can be employed when only 
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one channel is to be received. If 
several channels, widely spaced 
in frequency, are to be received, 
a broad band antenna system is 
needed. Where the receiving loca- 
tion is a great distance from the 
transmitting stations, the signals 
are relatively weak. The receiver 
is said to be located in a FRINGE 
AREA, and requires a high gain 
antenna. If one or more sources 
of interference exist in the neigh- 
borhood of the receiver, the an- 
tenna should have directivity 
characteristics such that it re- 
ceives well from the horizontal 
direction but rejects r-f energy 
coming from beneath it. This type 
of directivity, along with high 
gain, is especially important in 
fringe areas. 


Since some of these receiving 
conditions require antenna char- 
acteristics which are the exact 
opposite of those required by 
other conditions, it is not possible 
to design a single antenna which 
satisfies all needs. Antenna manu- 
facturers provide different types, 
each specifically designed to ful- 
fill a particular reception condi- 
tion. 


Antennas are composed of parts 
or components called ELEMENTS. 
The dipole of Figure 2 is a single 
element unit consisting of two 
quarter-wave rods end to end, with 
their inner ends connected to the 
transmission line. The point on 
the element at which the signal is 


fed to the transmission line is 
called the FEED POINT. Thus, the 
arrangement of Figure 2 is known 
as the CENTER FEED system. As 
mentioned, the half-wave dipole 
antenna has an impedance of 





Designed for VHF all-channel reception, two 

identical units are mounted to form a stacked 

array to increase gain and decrease pickup 
from above and below. 


Courtesy JFD Mfg. Co., Inc. 


about 72 ohms, relatively low 
“signal gathering” ability, and 
receives equally from all direc- 
tions at right angles to its axis. 
To obtain a particular desired 
performance, this basic element 
is modified in form, other elements 
are added, or both. 


When an antenna contains 
more than one element, the unit 
is called an array. Antenna ar- 
rays are of two general classes, 
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according to the method employed 
to transfer the energy from the 
various elements to the transmis- 
sion line. When a conductive con- 
nection is made between each ele- 
ment and the line, the arrange- 
ment is called a DRIVEN ARRAY. In 
the other type, the PARASITIC 
ARRAY, only one of the elements 
has a conductive connection to the 
line. The remaining elements 
transfer their energy through 
space to the element that is con- 
nected to the line. 


Driven Arrays 


In the term driven array, the 
word “driven” is derived from 
the use of this term in connection 
with transmitting antennas. From 
the transmitter, the transmission 
line applies the signal to the an- 
tenna. Thus, the radiating ele- 
ment is “driven” by the signal. 
However, in the case of the re- 
ceiving antenna, the antenna ele- 
ments provide the driving signal 
which is carried by the transmis- 
sion line to the receiver. Anten- 
nas that use driven elements are 
of two types, the BROADSIDE ARRAYS, 
and the END-FIRE arrays. 


In a broadside array, two or 
more elements are arranged such 
that, when their induced currents 
are in the same direction, the cur- 
rents are combined in phase in 
the transmission line. A two-ele- 
ment broadside array is shown in 
Figure 5A. Two half-wave dipoles 


are mounted one above the other 
in a vertical plane and have their 
feed points connected together. 
The transmission line is connect- 
ed midway between them so the 
currents fed to the line are in the 
same phase. 


Figure 5B is a view looking at 
the ends of the dipoles. The hori- 
zontal oval represents the direc- 
tivity pattern obtained. As the 
transmitter is at the same distance 
from both dipoles, its signal ar- 
rives at both elements at the same 
instant, therefore the element 
currents combine in phase. How- 
ever, signals coming from below 
or above the antenna arrive at 
one element sooner than at the 
other. At any given instant, the 
current fed to the transmission 
line from one element is out of 
phase with that fed from the 
other element. This overall action 
increases the pickup in the de- 
sired horizontal directions, but re- 
duces pickup of noises and ground 
reflected signals from below the 
antenna, and airplane reflected 
signals from above. 


In an end-fire array, the ele- 
ments are arranged so that, when 
their induced currents are in the 
same direction, the currents are 
combined 180° out of phase in the 
transmission line. Figure 6A 
shows a two-element end-fire ar- 
ray. The elements are mounted 
horizontally at the same height, 
one behind the other. The leads 
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from the two dipoles are connect- 
ed to the transmission line. How- 
ever, as shown, before connecting 
to the line, the leads from one di- 
pole are transposed. 


A view looking at the ends of 
the dipoles is shown in Figure 
6B. In the case of undesired sig- 
nals or noise arriving from above 
or below the antenna of Figure 
6A, the energy reaches both di- 
poles at the same time to produce 
in phase element currents. The 
transposed leads cause these cur- 
rents to be fed exactly 180° out of 
phase to the transmission line. 
The result is complete cancella- 
tion, so that the line carries no 
undesired signal or noise current. 
This action is indicated by the di- 
rectional pattern of Figure 6B. 


Since the dipoles are at unequal 
distances from the transmitter, 
one dipole receives the desired 
signal later than the other. Thus, 
at any given instant, the desired 
signal wave is at a different phase 
at the front dipole than that which 
it has at the rear dipole. As a 
result, the currents fed to the 
transmission line are not 180° out 
of phase, but have in phase com- 
ponents which add to increase the 
gain of the system over that of a 
single element antenna. 


Parasitic Arrays 


In a parasitic array, two or 
more elements are mounted, one 
in front of the other, at the same 


height, on the same plan as the 
end-fire driven array. Only one 
element is connected to the trans- 
mission line, while the others, 
called the parasitic elements, are 
merely “space coupled” to this 
connected element. The element 
connected to the line is called 
either the COLLECTOR or the driven 
element. The latter name is bor- 
rowed from transmitter terminol- 
ogy, and actually infers the oppo- 
site action to that which occurs at 
the receiving antenna. 





Providing reception on all VHF channels, this 
yagi type antenna employs a tri-pole type 
collector, and an individual set of parasitic ele- 
ments for the respective high and low bands. 


Courtesy Channel Master Corp. 


Known as a DIRECTOR, the para- 
sitic element of Figure 7 is placed 
in front of the collector. The ar- 
rows indicate the direction from 
which the desired signals are ar- 
riving. The director is slightly 
shorter than the collector, so that 
its resonant frequency is higher 
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than that of the collector. There- 
fore, the director has capacitive 
reactance at the frequency to 
which the collector is resonant. 


Arriving from the transmitter, 
the signal wave strikes the direc- 
tor first and induces a voltage 
that lags the signal field by 90°. 
Since the director is capacitive at 
the signal frequency, the director 
current leads the induced voltage 
by 90°, and therefore, it is in phase 
with the signal field. Due to this 
current, the director radiates an 
electromagnetic field, thus func- 
tioning as a second transmitter. 
As the radiation from the direc- 
tor is in phase with the signal 
field, the two add, thereby increas- 
ing the field strength at the col- 
lector. 


On the other hand, when sig- 
nals arrive from the direction op- 
posite to that of the desired sta- 
tion, they strike the collector first 
and then the director, where a 
radiation field is produced in the 
manner just described. Due to the 
order in which the elements are 
cut by the signals, the field radi- 
ated by the director reaches the 
collector out of phase with the 
signal field. With this phase rela- 
tionship, the fields oppose each 
other and thereby reduce the volt- 
age induced in the collector. Thus, 
the director increases the collec- 
tor sensitivity to signals from the 
desired direction and reduces its 
sensitivity to signals from the 
opposite direction. 


In Figure 8, the parasitic ele- 
ment is slightly longer than the 
collector, and is placed on the side 
opposite the desired transmitter. 
In this position it is known as a 
REFLECTOR. Its greater length 
causes it to be resonant at a fre- 
quency lower than that of the col- 
lector. Due to its lower resonant 
frequency, the reflector is induc- 
tive at the frequency to which the 
collector is tuned. 


With this arrangement, the r-f 
wave from the desired station 
strikes the collector first, then, an 
instant later, the reflector. Induced 
by the r-f field, the voltage in the 
reflector lags behind that in the 
collector by an angle that is de- 
termined by the spacing between 
the two elements. In the reflector 
the induced voltage lags the r-f 
field by 90° and the resulting in- 
ductive current lags by another 
90°. In phase with the current, a 
field is radiated from the reflector 
and, because of the spacing be- 
tween them, the portion of this 
radiation arriving at the collector 
is nearly in phase with the r-f 
wave from the transmitter, thus 
increasing the field strength at 
the collector. 


When a signal is received from 
the opposite direction, the r-f 
wave strikes the reflector first and 
induces into it a voltage that lags 
the field by 90°. The resulting cur- 
rent lags the induced voltage by 
another 90° and is, therefore, 
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180° out of phase with the r-f 
wave. In phase with the current, 
the field radiated by the reflector 
is 180° out of phase with the r-f 
wave, and they tend to cancel 
each other, thus greatly reducing 
the sensitivity of the antenna to 
the undesired signal. 


TELEVISION RECEIVING 
ANTENNAS 


In areas where more than one 
station is received, the antenna 
must be capable of operating over 
a broader frequency band than 
that covered by the simple dipole. 
Also, it is desirable that the tele- 
vision receiving antenna have an 
impedance in the neighborhood of 
300 ohms, to provide a better 
match to the 300-ohm transmis- 
sion lines commonly employed. 


Folded Dipoles 


One modification of the dipole 
is that shown in Figure 9A. Call- 
ed a FOLDED DIPOLE, this unit con- 
sists of two closely spaced con- 
ductors connected together at the 
outer ends. However, because of 
the impedance changing charac- 
teristics of the folded dipole, the 
feed point impedance is four times 
as great as that of the straight 
dipole. Consequently, the folded 
dipole of Figure 9A has an im- 
pedance of 472, or 288 ohms. 
For practical purposes, this im- 
pedance is considered to be about 
300 ohms, and permits the anten- 
na to match the 300-ohm line. 


When directors or reflectors are 
added to any antenna to form a 
parasitic array, the antenna im- 
pedance decreases. The reduction 
varies directly with the nearness 
of the parasitic elements to the 
collector. Therefore, it is desir- 
able that a folded dipole have 





Another all-channel VHF antenna. This unit 

has a folded dipole with parasitic elements 

for low band reception. For high band chan- 

nels, both the dipole and the helix section 
contribute signal pick up. 

Courtesy JFD Mfg. Co., Inc. 


more than 300-ohms impedance 
when it is to be used in such an 
array. Then, when the parasitic 
elements are added, the imped- 
ance falls to around 300 ohms. 


Shown in Figure 9B, a three 
conductor folded dipole, compared 
to the simple dipole of Figure 2, 
provides an impedance changing 
characteristic such that its im- 
pedance is 9 times that of the 
straight dipole. Hence, the anten- 
na of Figure 9B has an imped- 
ance of 972, or 648 ohms. Con- 
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nected in parallel, two such an- 
tennas have an equivalent imped- 
ance of 324 ohms to provide a 
practical match to a 300-ohm line. 


A second method of increasing 
the folded dipole impedance is to 
employ two conductors of unequal 
diameters as shown in Figure 9C. 
A larger percentage of the cur- 
rent is carried by the conductor 
having the greatest diameter. The 
impedance is determined by the 
ratio of the diameters and the 
spacing between the conductors. 
These factors can be selected such 
that the smaller conductor carries 
one-third of the total current. 
Since this conductor contains the 
feed point, the impedance at this 
point is about 9 times that of the 
straight dipole, or approximately 
600 ohms. 


The relationship between the 
inductance, diameter, and Q of an 
antenna is such that an increase 
in diameter results in a decrease 
in inductance. This change of in- 
ductance reduces the Q, since Q 
is equal to X,/R. The lower the Q, 
the wider the frequency band 
over which the impedance remains 
fairly constant. Therefore, a wide 
band antenna is one which has 
low Q. 


The folded dipoles of Figure 9 
are electrically equivalent to a 
single conductor of large diame- 
ter. Consequently, these antennas 
have low Q and a wide frequency 
response. This characteristic 


makes them more desirable than 
the straight dipole when signals 
from several stations are to be 
received. When antenna gain 
measurements are made, the ref- 
erence dipole type employed is the 
300-ohm folded dipole of Figure 
9A, rather than the straight di- 
pole of Figure 2. 


Conical 


A second construction method 
employed to increase the conduc- 
tor diameter and lower the Q is 
illustrated in Figure 10. Known 
as a CONICAL ANTENNA, this unit 
consists of two cone shaped con- 
ductors with their apexes at the 
feed point. The entire element is 
approximately three-quarters of 
a wavelength long. The large di- 
ameter of the cones results in a 
very low Q, such that the basic 
form of Figure 10 maintains its 
impedance substantially constant 
over a frequency ratio of about 4 
to 1. For example, this ratio cor- 
responds to the VHF carrier range 
of 54 to 216 me. That is, 216:54 
41), 


The solid cone of Figure 10 has 
the physical disadvantage of high 
resistance to wind, especially when 
its dimensions are those required 
for operation in the VHF bands. 
Due to this fact, commercial an- 
tennas are modified conicals, and 
have the forms shown in Figure 
11. These antennas are also called 
V antennas and fan antennas. 


Antennas 


Page 21 





However, their operation is basi- 
cally that of the conical because 
of the mutual coupling between 
the rods of each section. Two rods 
are employed in place of each 
cone in the antenna of Figure 
11A, while each cone is repre- 
sented by three rods in the ver- 
sion shown in Figure 11B. 


The unit of Figure 11C con- 
tains two rods for each cone or V 
section like that of Figure 114, 
but in Figure 11C, the outer ends 
of the rods are tilted forward to- 
ward the transmitter. This ar- 
rangement makes the antenna 
more sensitive to signals arriving 
from the front than to those ar- 
riving from the back, and also 
more closely resembles the true 
conical antenna. 


In the UHF band, the shorter 
wavelengths permit antennas to 
be of smaller dimensions. The 
wind resistance of the antenna is 
of less importance, and the fan or 
simulated conical antennas can 
consist of solid triangular sheets, 
as shown in Figure 11D. Because 
of its appearance, this design is 
known as the bow tie antenna. 


The units of Figure 11 do not 
have quite as low Q’s as the true 
conical of Figure 10. However, 
with additional elements, they 
can be made to cover a frequency 
ratio of about 3 to 1. With this 
response, an antenna of this type 
can cover most of the VHF chan- 
nels, or all of the UHF band, the 


limits of which are 470 to 890 me, 
a ratio of less than 2 to 1. 


Yagi 


An array containing two or 
more parasitic elements is called a 
YAGI ANTENNA. The name of this 
device is derived from the fact 
that the arrangement was devel- 
oped by the Japanese physicist, 
Hidetsugu Yagi. This antenna, in- 
cidently, found widespread use as 
a mobile radar antenna during 
World War II. The parasitic ele- 
ments increase the gain and pro- 
duce a directivity characteristic 
on the order of that illustrated in 
Figure 3B. 


A five-element yagi antenna is 
shown in Figure 12. Here the col- 
lector is a three-conductor folded 
dipole. Three directors are mount- 
ed in front of the collector, and 
one reflector behind it. As in this 
example, usually only one reflec- 
tor is used. The reason for this 
is that, after the first, additional 
reflectors do not increase the gain 
to any great extent. However, a 
worthwhile gain increase is ob- 
tained with each added director. 


Besides increasing gain and di- 
rectivity each additional parasitic 
element reduces the impedance of 
the antenna, as mentioned previ- 
ously. As the distance between 
the parasitic element and the col- 
lector increases, less and less cou- 
pling occurs between them. After 
the third director, the coupling is 
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too little to effect the impedance 
by any great extent. However, the 
directivity still increases, and 
yagis are constructed with as 
many as 10, 15, or 20 elements. 
Although it has excellent gain and 
directivity, a simple yagi like that 
of Figure 12 has very high Q, and 
therefore a narrow bandwidth 
which permits operation usually 
on a single channel only. 





Broadband yagi antenna. The small folded 

dipoles are phasing elements employed to 

provide in phase currents from all three sec- 

tions of each long element to the transmission 
line. 


Courtesy Technical Appliance Corp. 


Long Wire V 


As explained for Figure 4, at a 
given distance from the transmit- 
ter, the voltage induced in an an- 
tenna varies directly with the 
length of the element. Thus, more 
signal voltage is developed in an 
antenna which is several half- 
wavelengths long than in a half- 
wave element. This fact is em- 
ployed to increase the antenna 


sensitivity over that of the half- 
wave types. Antennas which are 
two or more half-wavelengths 
long are called LONG WIRE AN- 
TENNAS. 


For example, an antenna which 
is one half-wavelength long at 60 
mc is three half-wavelengths long 
at 180 me. At 60 mc, its polar dia- 
gram is like that of Figure 3A. 
Furthermore, at 180 me, the third 
harmonic of 60 me, its current 
distribution is as shown in Figure 
13A. The antenna acts like three 
half-wave elements connected end 
to end, with the current in the 
middle section 180° out of phase 
with the currents in the two end 
sections. Due to these current 
phase conditions, the maximum 
pick up is in the directions indi- 
cated by the major lobes in the 
pattern of Figure 13B, instead of 
at right angles to the axis of the 
element. 


If a single long wire element 
were employed for wide band re- 
ception, it would be necessary to 
shift its position when different 
stations were desired, due to its 
changing directivity pattern. This 
action is made unnecessary by 
connecting two long wire ele- 
ments in the form of a “V”, as 
shown in Figure 13C. The V angle 
is selected such that the major 
pickup lobes coincide at the high- 
est operating frequency to be 
used. At lower frequencies, the 
lobes shift so that they are not in 
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the same direction, and the direc- 
tivity is impaired to some degree. 
However, the V ANTENNA is still 
directional even at 14 the highest 
operating frequency. Thus, the V 
antenna provides good directivity 
over a frequency ratio of about 
3 to 1. The impedance of this type 
of unit remains constant to pro- 
vide a substantial gain over a fre- 
quency ratio of about 2 to 1. 


Rhombic 


A second type of long wire an- 
tenna is the RHOMBIC ANTENNA, 
shown in Figure 14. This device 
is an extended version of the long 
wire V, and over which it has sev- 
eral advantages. For one, the 
rhombic has a high front to back 
ratio, and thus does not receive 
signals from the rear. The rhom- 
bic has gain equivalent to that 
obtained by two V elements. Also, 
the rhombic has less sensitivity to 
signals arriving from above and 
below the antenna. Finally, its im- 
pedance remains constant to main- 
tain its gain over a wide frequen- 
cy range. 


As shown in the Figure, the 
rhombic antenna is a diamond 
shaped arrangement, with the 
feed point located at the junction 
of two of the “legs”. At the other 
end of the antenna, in the Figure, 
an arrow indicates the direction 
from which signals are received 
with maximum sensitivity. Both 
the rhombic of Figure 14 and the 


V antenna of Figure 13 have the 
disadvantage of relatively large 
physical dimensions at the VHF 
range, but are small enough for 
practical application in the UHF 
band. 


STACKED ARRAYS 


Where receiving conditions re- 
quire even greater gain or direc- 
tivity than can be obtained from 
a given parasitic or driven array, 
two or more such arrays are used 
together, with their collectors 
connected to the same transmis- 
sion line. The arrays may be like 
those of Figures 5, 6, 7, 8, or 12, 
and usually are mounted one 
above the other on the same mast. 
Because of the relative location of 
the arrays, in a vertical column, 
the complete antenna system is 
referred to as a STACKED ARRAY. 
Each individual unit is called a 
BAY. That is, the stacked array 
consists of two or more bays, 
stacked one above the other. 


LIMITED CHANNEL 
ANTENNAS 


When reception of a single 
channel, or a few channels not 
widely separated in frequency is 
desired, the high Q type of anten- 
nas are employed. These include 
the simple straight dipole of Fig- 
ure 2, and the driven and para- 
sitic arrays of Figures 5 through 
8. When greater gain is needed, 
more elements, either parasitic or 
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driven may be added to these 
basic structures, or these units 
may be combined to form stacked 
arrays. Even greater gain and di- 
rectivity are obtained by means 
of the yagi, either singly, as in 
Figure 12, or in the form of a 
stacked array. 


As an example, Figure 15 shows 
a typical commercial antenna of 
the type employed for high gain 





A UHF antenna consisting of two 16-element 
yagis in a stacked array. 
Courtesy Channel Master Corp. 


and directivity on a single chan- 
nel. The unit consists of two ten- 
element yagis forming a stacked 
array which provides a voltage 
gain of about 1314 db relative to 
a folded dipole designed for the 
same channel. 


MULTI-CHANNEL 
ANTENNAS 


As explained for parasitic ar- 
rays, antenna elements can be 
spaced some given fraction of a 
wavelength apart so that the ar- 
riving signal has a different phase 
at each element. Likewise, if the 
signal is carried through a length 
of transmission line a fraction of 
a wavelength long, its phase is 
different at the end of the line 
than at the input terminals. These 
fractions of wavelengths can be 
designated in degrees for conven- 
ience. Thus, a line one wavelength 
long is also 360° long, a line one- 
quarter wavelength long is 90° 
long, a one-eighth wave line is 
45° long, and so on. Antenna ele- 
ments can be spaced 45° apart, 
90° apart, 30° apart, and so on, 
depending upon the desired char- 
acteristics. 


Use is made of these facts in 
connecting more than one collec- 
tor to a single transmission line 
so that the desired signals arriv- 
ing at the line aid rather than 
cancel each other. The sections of 
line employed to provide the de- 
sired phase relationships make up 
what is known as an INTERCON- 
NECTING HARNESS. 


An example of these phasing 
arrangements is a broad band 
yagi developed by the Channel 
Master Corporation. This anten- 
na incorporates two folded dipole 
collectors, one tuned to a frequen- 
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cy near the high end and the other 
to a frequency near the low end 
of the VHF low band. The meth- 
od employed to obtain the desired 
directivity is illustrated in Figure 
16. As indicated, the dipoles are 
45° from each other in space, and 
connected with a harness which 
is 135° long. The terminals of the 
large dipole form the feed point 
for the transmission line in this 
simplified illustration. 


A signal arriving from direc- 
tion A, the back of the antenna, 
cuts dipole 2 45° later than it hits 
dipole 1. From dipole 2, this sig- 
nal is fed back through the 135° 
length of line to the feed point. 
Therefore, travelling in space 
from dipole 1 to dipole 2, and then 
back through the line to dipole 1, 
the signal picked up by dipole 2 
lags that at dipole 1 by a total of 
45° 4+-135°, or 180°. Thus, signals 
arriving from the back of the an- 
tenna induce dipole currents 
which cancel at the feed point. 


On the other hand, a signal 
coming from direction B, at the 
front of the antenna, cuts dipole 
2 45° earlier than dipole 1. The 
signal induced in dipole 2 is de- 
layed 135° in traveling through 
the harness to the feed point. 
Since this signal originally led by 
45°, it has a net lag of 135°—45°, 
or 90° at the feed point, with ref- 
erence to the signal induced in 
dipole 1. Although 90° out of 
phase, these two signals add to 


provide a total of 1.4 times the 
signal that would be fed to the 
line by a single folded dipole used 
alone. 


Although the arriving carrier 
waves induce voltages in the an- 
tenna elements, these voltages 
produce currents which are fed 
to the transmission line. The cur- 
rents are in phase with the volt- 
ages only at the frequency for 
which the dipole is one-half wave- 
length long. As mentioned, large 
dipole 1 in this system is one-half 
wavelength long at a frequency 
near the low end of the band, 
while dipole 2 is resonant to a 
frequency near the high end of 
the band. 


In the final commercial design, 
three-conductor dipoles are used. 
Also, the harness connections 
shown in Figure 17, are employed 
to provide the proper current 
phasing at the feed point. Here, 
dipole 1 connects to the feed point 
through a 15° length of harness 
line, while dipole 2 connects 
through a transposed line 45° 
long. When a signal to which di- 
pole 2 is resonant arrives from 
the front of the antenna, the volt- 
age induced produces an in phase 
current in the small dipole. When 
it arrives at the feed point, this 
current lags by 45° due to the 
length of the harness line, and an 
additional 180° due to the fact 
that the line conductors are trans- 
posed. The total lag of dipole 2 


Page 26 


Antennas 





current is therefore 45° +- 180°, or 
225° at the feed point. 


This same carrier wave travels 
a distance of 45° through space to 
cut dipole 1. Since the large dipole 
is resonant at a lower frequency, 
it offers inductive reactance to the 





Two bow tie elements, side by side, with a 
corner reflector for UHF reception. 


Courtesy JFD Mfg. Co., Inc. 


higher frequency signal. In an in- 
ductive circuit, the current can 
lag the voltage up to 90°. In this 
system, the antenna is designed 
so that the current lags the in- 
duced voltage by 75°. Another 15° 
lag is added by the harness con- 
nection to the feed point. Thus, 
with respect to the voltage induced 
in dipole 1, the current supplied 
by dipole 2 to the feed point lags 
by a total of 45°+75°+15°, or 


135°. Since the current from di- 
pole 1 lags by 225°, the currents 
fed from the two dipoles to the 
transmission line have a phase 
difference of 225°—1385°, or 90°, 
as mentioned with regard to Fig- 
ure 16. This arrangement then 
provides a total signal greater 
than that obtained by a single 
dipole. 


Referring again to Figure 17, 
when a signal to which dipole 2 is 
resonant arrives from the rear of 
the antenna, the voltage induced 
in the small dipole produces a 
current which, as before, lags by 
225° when it arrives at the feed 
point. The current induced in di- 
pole 1 lags the voltage by 75°, and 
the harness adds another 15° lag 
for a total of 90°. However, the 
signal cuts this dipole 45° earlier 
than dipole 2. Therefore, the net 
lag of the dipole 1 current at the 
feed point is 90°—45°, or 45°. As 
a result, the dipole currents have 
a phase difference of 225°—45°, 
or 180° to produce cancellation at 
the feed point. 


In the case of a signal to which 
the large dipole is resonant, the 
small dipole is capacitive and the 
current produced leads the in- 
duced voltage by 75°. The trans- 
posed harness line introduces a 
lag of 225°, so that the current 
has a net lag of 225°—75°, or 
150° at the feed point. Compared 
with its arrival at dipole 2, the 
signal cuts dipole 1 45° later. This 
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element is resonant at the signal 
frequency, therefore the induced 
voltage produces an in phase cur- 
rent. The harness line adds a 15° 
lag to provide a total lag of 45° + 
15°, or 60° for the dipole 1 cur- 
rent at the feed point. Thus, the 
dipole currents, when fed to the 
transmission line, have a phase 
difference of 150°—60°, or 90°. 


Finally, arriving from the rear 
of the antenna, a signal to which 
dipole 1 is resonant produces an 
in phase current in this element, 
and this current lags by 15° when 
it reaches the feed point. The sig- 
nal arrives at dipole 2 45° later, 
and induces a voltage which pro- 
duces a 75° leading current. The 
harness provides a lag of 225°, so 
that compared with the signal ar- 
rival at dipole 1, the dipole 2 cur- 
rent has a net lag of 45°—75°+ 
225°, or 195°. Thus, the dipole 
currents have a phase difference 
of 195°—15°, or 180° at the feed 
point. 


Like phase conditions are pro- 
duced for signal frequencies 
throughout the range over which 
this dipole system is designed to 
operate. Shown in Figure 18, the 
completed yagi includes a reflec- 
tor and several directors to in- 
crease the gain and directivity. 
This antenna is produced in vari- 
ous models which cover from three 
to five channels in the low VHF 
band, or all seven channels in the 
high band. 


VHF ALL-CHANNEL 
ANTENNAS 


Due to the large ratio of 4 to 1 
between the upper and lower fre- 
quency limits of the VHF range, 
the design of a single antenna 
with high uniform gain and good 
front to back ratio over all 12 
channels is rather difficult. As a 
result, antenna engineers have de- 
vised a variety of methods of ob- 
taining the desired performance. 


One type of antenna designed 
for reception on all VHF chan- 
nels is shown in Figure 19. Called 
an IN LINE antenna, this unit con- 
sists of two folded dipoles and a 
reflector. For signal frequencies 
in the high band, the small folded 
dipole acts as the collector, and 
the large dipole as a reflector. On 
the low band channels, the large 
folded dipole serves as the col- 
lector, and the small dipole as a 
director. The third element serves 
as a reflector for all 12 channels. 
For greater signal strength, this 
antenna is stacked as shown in 
Figure 20. 


A common method of securing 
pickup of all 12 VHF channels 
with a single antenna system is to 
employ collector and parasitic ele- 
ments which are one-half wave 
long at a frequency in the low 
band, and modifying the struc- 
ture so that each element acts like 
three separate half-wave elements 
at the third harmonic of this fre- 
quency. For example, if the dipole 
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of Figure 21 is one half-wave- 
length at 67 me, it is also 1144 
wavelengths, or three half-wave- 
lengths, at 201 mc. Since 67 me 
is near the low end of the low 
band, and 201 mc near the high 
end of the high band, this dipole 
serves as a half-wave antenna for 
the low band channels, and as a 
one and one-half wave antenna 
for the channels in the high band. 
When an antenna receives sig- 
nals at a harmonic frequency in 
this way, it is called a COLLINEAR 
ARRAY (end to end array) of half- 
wave elements. 


However, the basic form shown 
in Figure 21A does not provide 
the desired gain and directivity at 
frequencies at and near the third 
harmonic of its fundamental. For 
the low band frequencies, the 
dashed line in Figure 21A shows 
the current distribution. The fig- 
ure eight curve is the directivity 
desired for all channels. As men- 
tioned with regard to long line 
antennas, the current distribution 
and the directivity are as shown 
in Figure 21B for the high band 
frequencies. Here, the cloverleaf 
directivity pattern is due to the 
fact that, in the center section of 
the element, the current has the 
opposite direction of that in the 
end sections. 


The desired action is illustrated 
in Figure 21C. The element is 
broken up into three dipoles, side 
by side, each one-half wavelength 


long at the high band frequencies. 
As indicated, all currents are in 
phase. Fed to the transmission 
line, these in-phase currents add 
to increase the gain and produce 
the required directivity indicated. 
To obtain this desired action with 
the single long dipole of Figure 
21B, some method must be em- 
ployed to counteract the undesir- 
able effect of the middle section 
out-of-phase current. 


One method consists of connect- 
ing the three half-wavelength sec- 
tions through parallel resonant 
LC circuits. In Figure 22A, the 
small V elements or whiskers il- 
lustrate a practical application of 
this system. The distributed in- 
ductance and capacitance of the 
whiskers resonate at a frequency 
in the high band, and act like a 
parallel resonant circuit. At the 
low band frequencies, the whis- 
kers are too short to have any 
effect, and the unit operates as a 
single long dipole. At the high 
band frequencies, current is re- 
versed in phase as it passes from 
one section to another, thus pro- 
viding the in-phase relationships 
indicated. However, the high im- 
pedance of the whisker elements 
at and near resonance opposes 
current passing from one section 
of the dipole to another. The re- 
sult is that the long dipole is prac- 
tically cut off to a half wavelength 
electrically at the high band fre- 
quencies, with considerable reduc- 
tion in gain. 
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A second method employed is 
that of tilting the ends of the long 
dipole forward as shown in Fig- 
ure 22B. As explained for the 
long wire V type antenna, this 
procedure makes the forward 
lobes of the cloverleaf pattern co- 
incide for high band operation. 
A disadvantage of this construc- 
tion, for all-channel operation, is 
that on the low band, only about 
three-quarters of the dipole length 
is effective as a capturing device. 


Three dipole sections can be 
connected with shorted, quarter- 
wave sections of transmission line 
as shown in Figure 22C. Known 
as a MATCHING STUB, each quar- 
ter-wave line may be considered 
an additional half-wave section of 
antenna, which is folded back on 
itself to cancel its pickup. Thus, 
the entire unit is equivalent to an 
antenna element five half-wave- 
lengths long, with the current in 
each stub having the phase of 
that of the middle section of the 
long element of Figure 21B. 
Therefore, the arrangement of 
Figure 22C causes the currents to 
be in phase in the three sections 
of the antenna. However, a quar- 
ter-wave shorted line acts like a 
parallel resonant circuit in that 
it has high impedance across its 
input terminals. Consequently, at 
and near resonance, the stubs 
limit the current which can pass 
from one section to another. This 
condition is a limiting factor on 
the gain that can be obtained. 


Except at the resonant frequen- 
cy, the quarter-wave stub has only 
reactance, either inductive or ca- 
pacitive. A much lower Q can be 
obtained by use of an antenna 
element, the impedance of which 
is made up of both reactance and 





With bow tie collector, this UHF antenna em- 
ploys a dish shaped reflecting screen similar 
to those used with radar antennas. 


Courtesy JFD Mfg. Co., Inc. 


resistance. Connected in place of 
the stubs of Figure 22C, low Q 
elements such as folded dipoles 
provide the desired phase revers- 
ing action as indicated by the cur- 
rent distribution curves in Figure 
22D. The low impedance of the 
dipoles reduces the blocking ef- 
fects of the matching stub ar- 
rangement, and the dipoles in- 
crease the signal capturing area 
of the antenna. 
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A fifth method devised to feed 
in-phase currents to the transmis- 
sion line at high band channel fre- 
quencies is illustrated in Figure 
22h. Here, two high band di- 
poles are added to the long dipole, 
and all three connected to the 
transmission line. Since the added 
dipoles occupy practically the 
same point in space as the middle 
section of the long dipole, cur- 
rents of the same phase are pro- 
duced in the upper and lower 
short dipoles as in the middle sec- 
tion of the long dipole. 


However, the harness lead from 
the long dipole to the feed point 
is transposed. As a result, the 
currents fed to the transmission 
line have the relative phases indi- 
cated by the dashed lines in the 
Figure. That is, transposing the 
harness lead makes the current 
in the middle section of the long 
dipoles 180° out of phase with 
those in the short dipoles. Conse- 
quently, the short dipoles and the 
end sections of the long dipole 
have in-phase currents. The cur- 
rent of one short dipole cancels 
that of the middle section of the 
long dipole. The current of the 
other short dipole fills in the “gap” 
left by the cancelled currents so 
that the overall effect is like the 
desired conditions described for 
Figure 21C. 


A yagi antenna designed for re- 
ception of all 12 VHF channels 
is shown in Figure 23. This unit 


consists of a collector, two direc- 
tors, and two reflectors. For the 
high band channels, the collector 
and the nearest director operate 
as colinear arrays which employ 
the phase reversing method of 
Figure 22D. To add its energy in 
phase at all frequencies, this di- 
rector is connected by a transmis- 
sion line to the collector, rather 
than parasitically. The second di- 
rector is split into two sections 
which are connected by a quar- 
ter-wave stub for maximum effi- 
ciency in the high band. The 
reflector nearest the collector con- 
sists of three sections, insulated 
from each other by means of fiber- 
glass. This element is employed 
for the high band only. The sec- 
ond reflector is a low band reflec- 
tor, and at high band frequencies 
acts as a shield against signals 
from the rear, rather than a para- 
sitic element. 


In the high band, the collector, 
three section reflector, and two di- 
rectors act as a group of yagi an- 
tennas side by side. In the low 
band, the folded dipoles and 
shorted stub are too small to have 
any appreciable electric effect. 
The two directors, collector, and 
low band reflector operate as a 
single yagi. However, the phase 
reversing elements increase the 
effective lengths of the antenna 
elements, and thus increase the 
impedance of the antenna. 
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The phase reversing method of 
Figure 22E is employed in the 
commercial broad band yagi illus- 
trated in Figures 24 and 25. As 
shown in Figure 24A, antenna 
impedance is increased by using 
folded dipoles instead of straight 
dipoles. All three folded dipoles 
are considered as a single ele- 
ment, called a “‘tri-pole”, and em- 
ployed as the collector in the com- 
plete antenna, Figure 25. In the 
top view of the array, Figure 24B, 
the tri-pole collector is indicated 
by the letter “C”’. All of the other 
elements in this unit are of the 
parasitic type. However, an im- 
portant feature of this design is 
that completely separate sets of 
directors and reflector are em- 
ployed for low and high bands. 
In Figure 24B, heavier solid lines 
represent the three directors and 
one reflector for low band opera- 
tion. The light lines indicate the 
high band parasitic elements, each 
of which consists of three colinear 
sections insulated from each other. 
The high band operation of this 
system is that of three yagi an- 
tennas located side by side. 


So far as low band operation is 
concerned, interference between 
the two systems of elements is not 
produced by the intermixing in 
positions because the high band 
half-wave sections are too short 
to resonate at low band frequen- 
cies. However, the low band ele- 
ments produce third harmonic 


resonant currents when cut by 
the high band carrier waves, as 
explained for Figure 21B. Energy 
re-radiated from these elements 
can have a cancelling effect on 
that re-radiated from the high 
band parasitic elements. To pre- 
vent this undesired action, it is 
necessary to employ a particular 
spacing system such that, on high 
band operation, the high band ele- 
ments ‘“‘rob” most of the incoming 
signal energy from the low band 
elements. 


To accomplish this desired ac- 
tion, the high band directors are 
placed quite close to the low band 
directors. An advantage of the in- 
dependent sets of parasitic ele- 
ments for each band is that each 
element can have a length which 
provides best operation in the 
band for which it is designed. That 
is, compromise element lengths 
are not required for optimum 
operation on both bands. 


The design of a third commer- 
cial VHF all-channel antenna is 
illustrated in Figures 26 through 
29, while the antenna is pictured 
in Figure 30. The folded dipole 
collector and the low band para- 
sitic elements are shown in Fig- 
ure 26. In this design, the total 
length of the dipole is one-half 
wavelength at a frequency near 
the high end of channel 3. A half 
wavelength long at a channel 2 
frequency, the channel 2 reflector 
extends the response to cover 
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channel 2. Although of a length 
normally used for channel 3, the 
channel 3 reflector is actually em- 
ployed to decrease the collector 
impedance at higher frequencies. 
This rod is called a phasing ele- 
ment, the addition of which ex- 
tends the response up through 
channel 4. A second phasing ele- 
ment, cut for a channel 5 frequen- 
cy, is located in front of the col- 
lector. Its purpose is to extend the 
response up through channel 5 
and into channel 6. 


For the high band frequencies, 
the antenna employs a group of 
collectors connected in the criss- 
cross manner shown in Figure 
80. This combination is called a 
helix. Each element of the helix 
is tuned separately to one high 
band channel, and thus provides 
high gain and directivity on that 
channel. The helix collectors are 
all connected together, so that 
their currents are added at the 
input to the transmission line. 


Figure 27 shows the folded di- 
pole, a phasing element, and the 
first section of the helix. Like the 
antennas of Figures 23 and 25, 
the collector dipole is three half- 


wavelengths long at the high band - 


frequencies. In Figure 27, the 
dashed lines indicate the relative 
phase of the currents in the three 
sections of the dipole and in the 
helix. 


Two devices are employed to 
reduce the amplitude of the cur- 


rent in the middle section of the 
dipole. First, this element con- 
tains the added strips which run 
from the ends of the dipole to 
points along the top and bottom 
conductors. These added conduc- 
tive strips permit greater current 
in the end half-wave sections of 
the dipole than there is in the 
middle section, as indicated. Sec- 
ond, located in front of the dipole, 
the phasing element blocks ener- 
gy from being received by the 
middle section of the dipole at 
high band frequencies. 


The arrangement of the com- 
plete set of elements is shown in 
Figure 28. Located between the 
helix and the blocking element, a 
second high band element serves 
as a reflector for the helix. As in- 
dicated, the folded dipole termi- 
nals form the feed point to which 
the transmission line is connected. 
The current phase of the helix is 
the same as that of the middle 
section of the dipole, as shown in 
Figure 27. This helix current 
should be fed to the transmission 
line in such manner that its phase 
is the same as that of the currents 
in the end sections of the dipole. 
These desired in phase conditions 
are provided by inverting the 
leads of the harness that connects 
the helix to the feedpoint, as 
shown in Figure 29. 


At the low band frequencies, 
the helix acts only as a shorted 
stub connected across the termi- 
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nals of the folded dipole. Its effect 
is to lower the antenna impedance 
at the high frequency end of the 
low band, and thus extend the low 
band response through the upper 
end of channel 6. 


UHF ALL CHANNEL 
ANTENNAS 


As mentioned earlier, the ratio 
between the upper and lower lim- 
its of the UHF range is only about 
2 to 1. Because of this smaller 
ratio, compared with that of the 
VHF range, relatively simple an- 
tenna structures provide all- 
channel reception of UHF sig- 
nals. That is, an antenna design 
which has narrow or moderate 
bandwidth at VHF can be em- 
ployed as a wideband antenna at 
UHF. Due to the short wave- 
lengths at UHF, a half-wave an- 
tenna element has small dimen- 
sions, and therefore a relatively 
small signal voltage is induced in 
it by the received carrier waves. 
However, when necessary, the 
signal collecting ability can be in- 
creased by the use of long wire 
type antennas. These types are 
more practical for UHF because 
their physical dimensions are 
small compared with their VHF 
counterparts. 


Five types of antennas employ- 
ed for UHF reception are illus- 
trated in Figures 31 through 35. 
All of these units provide recep- 
tion of channels 14 through 83, 
inclusive. 


Figure 31 shows the conical 
type antenna, consisting of a pair 
of flat, triangular shaped ele- 
ments. This type of unit is called 
a “bow-tie”’, or “fan dipole” an- 
tenna. To increase the front to 
back ratio of the bow tie, a large 
flat sheet of conductive material, 
called a SHEET REFLECTOR is used. 
The sheet reflects the r-f waves in 
the same manner that light is re- 
flected by a glass mirror. How- 
ever, a solid metal sheet has too 
much wind resistance. Therefore, 





For greater gain, eight collector elements are 
employed in this UHF unit, with a screen re- 
flector to provide directivity. 


Courtesy Channel Master Corp. 


the practical application of this 
method consists of the rectangu- 
lar “screen” shown in the Figure. 


A second form of sheet reflec- 
tor is shown in Figure 32. Known 
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as a CORNER REFLECTOR, this re- 
flecting screen is designed to con- 
centrate the reflected waves in the 
direction of the collector element. 
While increasing the pickup of 
signals from the front, the sheet 
and corner reflectors shield the 
collector from interference from 
the rear. 


Other types of UHF antennas 
commonly employed are: the yagi, 
Figure 33; the rhombic, Figure 
34; and the stacked V, Figure 35, 
all types which have been de- 
scribed earlier in this lesson. 


To increase the gain of the UHF 
antenna in areas of weak signal 
strength, several collectors are 
stacked, and the entire array 
made properly directive with a 
large sheet reflector as shown in 
Figures 36 and 37. In these mod- 
els, the collectors are bow-tie ele- 
ments constructed of rods instead 
of flat metal triangles. As an 
example of the gain obtained by 
this method, Figure 38 shows a 
curve of the gain of the assembly 
of Figure 37 over the range of 
channels from 14 to 83. 


VHF/UHF RECEPTION 


Television receivers designed 
for reception of both VHF and 
UHF channels contain either one 
or two “sets” of antenna termi- 
nals. One set is used in the re- 
ceivers in which a UHF strip can 
be inserted in a turret tuner for 
reception of the UHF signals. 


Where the receiver contains a 
tuner for VHF and another for 
UHF, each tuner has its own set 
of antenna terminals. 


The usual arrangement employ- 
ed for signal pick up consists of 
one antenna for the VHF chan- 
nels, and another for the UHF 
channels. When signal strengths 
and other reception conditions so 
require, each antenna is located 
and oriented for best collection 
of the channels for which it is 
designed. From each antenna, a 
transmission line carries the sig- 
nal to the corresponding input 
terminals of the receiver, when 
the latter contains both VHF and 
UHF terminals. However, in the 
case of those receivers with only 
one pair of input terminals, a 
method of connecting both lines 
to the receiver tuner must be em- 
ployed which will prevent inter- 
action between the two antenna 
systems. 


One method available is the use 
of a switch which connects either 
one or the other transmission line 
to the receiver input. A disadvan- 
tage is that this extra switch must 
be operated every time it is de- 
sired to change from a channel in 
one band to a channel in the other 
band. 


In a second method, both trans- 
mission lines are connected to a 
separation filter, the output of 
which connects to the receiver. 
The filter attenuates VHF signals 
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picked up by the UHF antenna, 
and attenuates UHF signals 
picked up by the VHF antenna. 
However, each section of the filter 
also causes some loss of the sig- 
nals it is designed to pass. This 
signal loss in the filter is particu- 
larly great in the case of the UHF 
range. Whether this loss is of 
great importance depends upon 
the signal strengths in a given 
receiving location. Where signals 
are weak, this type of filter is a 
disadvantage. 


Satisfactory operation without 
a separation filter can be obtained 
by employing a UHF converter in 
the same manner as with receiv- 
ers designed for VHF reception 
only. In this case, the UHF tur- 
ret strips are not used. The con- 
verter output is in one of the 
unused VHF channels. This ar- 
rangement is more costly, requires 
tuning and switching the conver- 
ter, and incurs a viewer’s natural 
objection to an additional unit 
placed on top of the television 
receiver cabinet. 


A fourth method is provided by 
the antenna design illustrated in 
Figures 39 and 40. This system 
employs two antennas, one for 
VHF and one for UHF, connected 
to a common transmission line. 
The line carries signals from both 
antennas directly to the single set 
of receiver input terminals. In 
this design, the VHF antenna isa 
combination of the conical and V 


types, which is three half-wave- 
lengths long at the VHF high band 
carrier frequencies. Its directiv- 
ity and gain are improved by the 
addition of the reflector. As indi- 
cated the UHF antenna is a rhom- 
bic, each leg of which is several 
wavelengths long at the carrier 
frequencies in the UHF band. 


To prevent interaction, a nearly 
lossless filter is inserted between 
each antenna and the feed point. 
A transmission line section pre- 
sents high impedance to UHF sig- 
nals picked up by the conical-V 
antenna. However, at the frequen- 
cies of the VHF carriers, this 
same length of transmission line 
is only a small fraction of a wave- 
length long. Its only effect here is 
to act as an extension of the down 
lead, and it thus allows unimped- 
ed passage of the VHF signals to 
the feed point. 


Two capacitors form the filter 
in the UHF antenna section. The 
capacitance values are selected 
such that very little reactance is 
offered to UHF signals, but very 
high reactance is presented to 
VHF signals picked up by the 
rhombic. As a result, only the 
UHF signals received by the UHF 
antenna are fed to the transmis- 
sion line, while only the VHF sig- 
nals picked up by the VHF an- 
tenna are fed to the transmission 
line. This arrangement eliminates 
the need for two transmission 
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lines, and the filter between the 
lines and receiver input. 


Although relatively simple in 
mechanical construction and ap- 
pearance, the transmission line 
used as the lead-in is a very im- 
portant part of the antenna sys- 
tem. Any signal lost by the line 


reduces the efficiency of the sys- 
tem. As explained in the follow- 
ing lesson, every type of line at- 
tenuates the signal to some extent. 
Thus, this important link may be 
thought of as a necessary evil, 
since the energy picked up by the 
antenna is of no use unless it is 
carried to the receiver. 
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IMPORTANT DEFINITIONS 
ARRAY—An antenna containing two or more elements. 


DIPOLE—An antenna element consisting of two conductors arranged 
end to end, with their inner ends connected to the transmission 
line. 


DIRECTIVITY—tThe ability of an antenna to receive signals in one 
or more given directions compared with its reception in other 
directions. 


FRONT-TO-BACK RATIO—The ratio of the sensitivity of an an- 
tenna to signals arriving from the front to the sensitivity to 
signals arriving from the back. 


GAIN—The signal gathering ability of a given antenna, at a specified 
frequency, compared with that of a half-wave folded dipole cut 
for the same frequency. 
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FROM OUR Director's NOTEBOOK 


THE MAN WHO FAILS 


The man who fails js the sort of chap 
Who is always looking around for @ snap; 
Who neglects his work to regard the clock; 
Who never misses @ chance to knock. 

He is grouchy and slow when work begins, 
When it's time to quit, he jokes and grins? 
He's always as busy 95 busy can be. 
When he thinks the boss js around to see. 
He believes that a “pull” is the only Woy 
By which he con ever draw bigger POY? 
And he sulks and growls when he sees his plan 
Upset by the “push” of another man. 

He's on the job when he draws his poy? 
That done, he soldiers his time awoYr 


For the man who fails has himself to blame 

If he wastes his chances and misses his aim; 

He'd win if he'd used his hands and wits: 

The man who fails is the man who quits. 
—Charles R- Barrett 


Yours for success: 


WEL ku Vey 


Di RECTOR 
Ti 


